Clusterix 2.0 is a web-based, Virtual Observatory-compliant, interactive tool for the determination of membership probabilities in stellar clusters based on proper motion data using a fully non-parametric method. In the area occupied by the cluster, the frequency function is made up of two contributions: cluster and field stars. The tool performs an empirical determination of the frequency functions from the Vector-Point Diagram without relying in any previous assumption about their profiles. Clusterix 2.0 allows to search in an interactive way the appropriate spatial areas until an optimal separation of the two populations is obtained. Several parameters can be adjusted to make the calculation computationally feasible without interfering in the quality of the results. The system offers the possibility to query different catalogues, such as Gaia, or upload the user own data. The results of the membership determination can be sent via SAMP to VO tools like TopCat.
INTRODUCTION
Open clusters (OCs) are coeval groups of stars formed from the same molecular cloud and, thus, having the same age and initial chemical composition. This makes them ideal targets to study the formation and evolution of stellar objects. Open clusters are also valuable tools for undertaking dynamic and kinematic studies of our Galaxy. For instance, clusters have been used to determine the spiral structure of the Galaxy and to investigate the dynamics and the chemical evolution of the Galactic disk (Frinchaboy & Majewski 2008) . They e-mail: lbalaguer@fqa.ub.edu are good tracers to follow the metallicity gradient of the Milky Way (Carrera & Pancino 2011; Netopil et al. 2016; Casamiquela et al. 2017) and its evolution through time (Magrini et al. 2009; Jacobson et al. 2016) , providing insight on the formation of the Galactic disk. Studies of the kinematics of OCs and reconstructions of their individual orbits (Wu et al. 2009; Cantat-Gaudin et al. 2016 ) help us to understand the internal processes of heating (Quillen et al. 2018 ) and radial migration (Anders et al. 2017) , and how they affect the chemodynamical evolution of the disk. Some very perturbed orbits might also provide evidence for recent merger events and traces of past accretion from outside the Galaxy (Cantat-Gaudin et al. 2016).
Open clusters are not only useful tracers of the Milky Way structure but are also interesting targets in their own right. Although most stars in the Milky Way are observed in isolation, it is believed that most (possibly all) stars form in clustered environments and spend at least a short amount of time gravitationally bound with their siblings (Clarke et al. 2000; Portegies Zwart et al. 2010) , embedded in their progenitor molecular cloud. A majority of such systems will be disrupted in their first few million years of existence, due to mechanisms possibly involving gas loss driven by stellar feedback (Brinkmann et al. 2017) or encounters with giant molecular clouds (Gieles et al. 2006) . Nonetheless, a fraction will survive the embedded phase and remain bound over longer timescales.
Gaia Data Release 2 (DR2), published on April 2018, provides a 5-parameter astrometric solution (celestial position, proper motions in right ascension and declination, and parallax) and magnitudes in three photometric filters (G, G BP , and G RP ) for more than 1.3 billion sources with unprecedented precision and accuracy (Gaia Collaboration et al. 2018a) . Gaia is a fundamental resource to study the known OCs and to discover new ones, as well as to discard clusters previously identified (Cantat-Gaudin et al. 2018b Castro-Ginard et al. 2018) . With this aim, an accurate method to calculate cluster membership is essential in order to conduct further studies (Frinchaboy & Majewski 2008) .
The determination of the mean properties of open clusters (like radial velocity or metallicity) requires prior knowledge of their member stars to optimise the costly process of obtaining and reducing high resolution spectroscopic data on a large scale. Some information is already available mainly for radial velocity (Soubiran et al. 2018; Carrera et al. 2019a) . Moreover, knowing the membership probability of the stars in the cluster area helps to select member stars on photometric diagrams, to determine the age of the cluster by isochrone fitting (e.g. Bossini et al. 2019 ). Hence, a precise identification of the stars that compose a cluster is critical to accurately determine the kinematic and fundamental parameters of the clusters (age, total mass, etc.), which are essential for studies of Galactic dynamics.
In order to efficiently exploit the wealth and quality of Gaia data, a variety of new approaches and new tools must be considered. Several automatic approaches have been developed to study the reality of known OCs (Cantat-Gaudin et al. 2018a ) and to discover new ones (Castro-Ginard et al. 2018; Cantat-Gaudin et al. 2018b ). In our case, we aim to develop a web tool to facilitate membership studies from proper motions data to any user that requires a tailor-made study on any specific data set.
Clusterix 1.0 (Sezima et al. 2015) was a web tool based on the implementation of the non-parametric method for membership segregation (Galadi-Enriquez et al. 1998c; Balaguer-Núñez et al. 2007 ) developed at the Universitat de Barcelona (Spain) in collaboration with the Masaryk University (Czech Republic) as a complement to the WEBDA 1 database (Netopil et al. 2012) of observational data on stars in open clusters. In this paper we present Clusterix 2.0 2 , an upgraded, much more powerful, VO-compliant version of the web tool jointly developed by the Universitat de Barcelona and the Spanish Virtual Observatory 3 (Balaguer-Núñez et al. 2017) . Compliance with the Virtual Observatory is key for an optimum gathering from VO services and catalogues of additional information (as parallaxes, or radial velocities) than can be used to refine the membership determination. Moreover, stellar physical parameters as effective temperatures, radii, luminosities or metallicities can be estimated from VO services like VOSA 4 (Bayo et al. 2008) .
The paper is organized as follows: In Sect. 2 we present the formalism, Sect. 3 describes the implementation, while Sect. 4 presents different scientific cases to show the capabilities of the tool. Finally, Sect. 5 contains the conclusions.
THE FORMALISM: MEMBERSHIP PROBABILITIES FROM PROPER MOTIONS
Kinematic segregation of stellar cluster members relies on the fact that the cluster displays a common spatial motion that distinguishes it from the field population. The kinematic segregation may relay on radial velocities, on proper motions, or on both. The classical approach to cluster/field segregation from proper motion data has been traditionally the parametric method. This method assumes the existence of two overlapping populations in the 2-D proper motion vector-point diagram (VPD): cluster and field. The corresponding frequency functions are modelled as parametric Gaussian functions: a circular Gaussian model is adopted for the cluster distribution, while a bivariate (elliptical) Gaussian describes the field. Membership probabilities are later derived from the fits (see Sanders (1971) for a full description of the methodology). However, the parametric approach shows several drawbacks, mainly related to the fact that this Gaussian modelling of the frequency functions is not always realistic, and these disadvantages are not fully overcome by the several improvements introduced into this approach by different authors during the last decades (see a description of a quite sophisticated implementation of parametric methods, for instance, in Zhao & He 1990). More recently, this approach has been highly improved to treat multidimensional data (photometric, astrometric) (Sarro et al. 2014 ) and even treating missing values (Olivares et al. 2018) .
The cluster/field segregation from proper motions can also be approached by means of non-parametric methods, aimed to empirically model the cluster and field proper motion distributions that build up the particular VPD of the stars in the sky area under study. Clustering algorithms have been applied to the assignment of membership probabilities in OCs from multidimensional data. UPMASK (Krone-Martins & Moitinho 2014) was developed to use only photometry and positions, and has been afterwards adapted to Gaia data (Cantat-Gaudin et al. 2018a,b) based only on proper motions and parallaxes. A similar approach using DBSCAN and machine learning algorithms (Castro-Ginard et al. 2018 has conducted to discover new clusters from an automatic search, demonstrating that still many nearby cluster remain to be found . And a complex scenario with a huge amount of new moving groups (Faherty et al. 2018 ) and star forming regions (Prisinzano et al. 2018 ) is beginning to appear.
There are as well other authors that mixed both approaches in different ways (see e.g. Sampedro et al. 2017) . Although, on average, all methods yield similar results, there are also specific differences between them depending in the type of data to be used or in some particular clusters.
The non-parametric approach as implemented
in Clusterix 2.0
The non-parametric method implemented in Clusterix 2.0 follows a philosophy explained in length in Balaguer-Núñez et al. (2004a , 2005 , 2007 ; Galadí-Enríquez et al. (1998a) . However, several details are specific to Clusterix 2.0 and, for the sake of clarity, we will formalise the algorithm in the following paragraphs.
Assumptions
Clusterix 2.0 performs an empirical determination of the frequency functions without relying on any previous assumption about their profiles. First of all, we admit that some sky area has been selected as work space (we will use label 't' to refer to this area), and that celestial coordinates and proper motions are available for the stars in that region. The procedure relies on several further assumptions:
(i) The population of field stars is spatially and kinematically uniform over the work space.
(ii) There is a non-field population that outstands, from the spatial density point of view, as an excess in the surface density of stars.
(iii) The non-field population does not occupy all the work space, but is spatially concentrated allowing to distinguish two regions in the work space: the only field (label 'f') region, dominated by field stars, and the cluster+field (label 'c+f') region, that includes both field and non-field stars.
(iv) Field stars and non-field stars show proper motion distributions on the VPD that are distinctive.
The second assumption implies that, at least in its current shape, Clusterix 2.0 yields accurate estimations about the expected number of cluster members for systems that show some spatial contrast against the background of field stars in the work space (see Eqs. 1 and 2). This contrast helps, too, in the selection of the field and cluster regions in the work space, at least in the very first steps of the process.
It is worth noting that these assumptions do not include any consideration about the shape of the proper motion distributions, that may be highly asymmetric. In particular, we underline that the non-field population may be, in principle, composed from more than one cluster, for instance. In fact, two of the examples of scientific exploitation included in this paper (see Sects. 4.4 and 4.5) clearly illustrate this situation.
Observables and scaling factors
Once the three regions, t, f and c+f, have been defined, the first step leads to two observables for each of them: the spatial areas (A t , A f , A c+f ) and the number of stars they contain (n t , n f , n c+f ).
The first quantity to be derived from these observables is the expected number of non-field stars in the work space A t , N c :
In Eq. 1 it is implicit the computation of the expected total number of field stars in the work space, N f , computed from n f through a straightforward scaling factor, and relying on assumptions (i) and (ii):
The areas A t , A f and A c+f will act several times as scaling factors in later steps of the procedure.
Raw, normalised and scaled frequency functions
Let us consider the VPD for an arbitrary set of N stars. The frequency function would provide the density of stars in this diagram, in units of stars per unit area. If, for instance, our proper motions are in units of milliarcseconds per year (mas yr −1 ), the frequency function would be measured in stars per (mas yr −1 ) 2 . Parametric methods try to fit functions to reproduce the observed density distribution of stars in the VPD, but our non-parametric approach measures the true local density in the real diagram and provides the empirical distribution in the form of a table.
To this end, the VPD is divided into a (large) number of square cells. Each cell is described by its position in the array according to its row and column numbers, (i, j), and by the proper motion values corresponding to its centre, (a i , b j ). An empirical value of the frequency function is assigned to each cell, computed as follows:
Here, (a k , b k ) are the coordinates (proper motions in our case) of the k-th point of the observed sample with a total of N elements, and K is the so-called kernel function (Galadi-Enriquez et al. 1998c ), a function that assigns to each element a weight that decreases with the distance from the centre of cell (i, j). We use normal Gaussian kernel functions defined as:
This way, a point located exactly at the centre of cell (i, j) provides the maximum contribution to compute the local density, and all other points in the VPD contribute progressively less to the density evaluated at that cell. Number h is usually named in this context the smoothing parameter, and it is measured in the same units as the proper motions.
Clusterix 2.0 allows the user to modify h at will, although the system proposes by default a value computed by means of Silverman's rule (Silverman 1986) :
In Eq. 5 N is, again, the number of elements in the VPD that is being analysed, σ is the average marginal variance of the sample and d is the dimension of the space (in this case, d = 2).
The previous formalism is applied in Clusterix 2.0 to the VPDs observed at the regions c+f and f. The same value of h is used in both computations, and the default value according to Eq. 5 is deduced from the sample in c+f region. This way, the empirical, raw frequency functions are computed for the mixed (c+f) and only field (f) samples: ψ c+f and ψ f . Now the scaling factors are used to transform ψ c+f and ψ f into their area-normalised versions, Ψ c+f and Ψ f , that would represent the frequency functions expected for unit area on the sky (let's say, stars per (mas yr −1 ) 2 and per solid angle unit).
These new functions are independent of the (arbitrary) areas selected for the regions and can be directly compared.
The next step will be to deduce the area-normalised frequency function expected for the non-field population. This population, that we will label as 'c' (because most often it will correspond to a cluster), is computed as the simple difference of the two previous ones:
In a final manipulation of the frequency functions, the scaled versions are deduced. To do this, we first have to define the volumes of the frequency functions as the direct sum of the tabulated values. For the raw functions, we have:
The same way, for the area-normalised functions f and c we have:
The scaled frequency functions are defined in such a way that their volumes are equal to the number of stars of their respective populations:
It can be easily shown that the first of these scaled frequency functions (the function for the field population, f) is equivalent to scaling to sample size N f the raw function:
However, the scaled function for the non-field population, c, would be much more complicated to reduce to directly observed quantities.
Scaled frequency functions can be regarded as expressed in units of stars per (mas yr −1 ) 2 , i.e., for each population, they measure the number of stars found at each of the cells of the VPD.
Noise and membership probabilities
The assumptions enumerated in Sec. 2.1.1 cannot be perfectly fulfilled. Spatial and kinematical uniformity of the field is only approximate on the real sky, a situation that worsens for larger fields of view. Cluster populations not always stand out clearly as an overdensity on the plane of the sky, mainly for faint clusters, and at the outer areas of even dense clusters. Irregularities in the field spatial distribution may reduce the contrast of the cluster against the field. Finally, open clusters are much more extended than previously thought, with wide coronas that make them not always easy to find areas devoided of cluster members. As a result, the frequency functions predicted by Eqs. 7 and 10 for the nonfield population, c, are affected by some noise. This noise level can be estimated from the negative values of the function Ψ c , that obviously have no physical meaning. Assuming that these negative values are caused by noise, and that this noise has the same distribution towards positive values, the noise level can be identified with:
Where the summation is performed over the cells with negative value, and M is the number of those negative-valued cells. This estimation allows to evaluate the signal-to-noise ratio at each cell of this function.
Finally, membership probabilities can be assigned to each cell of the VPD over the working space, as follows:
Normally, the probability function P will be set to zero at those cells of the VPD where the signal to noise ratio of function Ψ c is below some threshold γσ − , where γ is a parameter that has to be adjusted in each case, depending on the characteristics of the sample.
The simplicity of Eq. 13 is more apparent than real, in the sense that it is not straightforward to express that definition in terms of the observables and the raw frequency functions.
Given any star from the original sample, the probability for it belonging to the non-field population is identified with the value of function P at the cell of the VPD occupied by the star, according to its proper motions. The expected number of non-field stars, N c (Eq. 1) may serve as a guide to set a probability cut-off.
THE CLUSTERIX WORKFLOW
The general, theoretical frame formulated in Sec. 2.1, is implemented into Clusterix 2.0 in the way described as follows.
Data query
The first step of the procedure is the definition of the data source and the working space.
Users can gather information on a particular region in the sky from the following catalogues: Gaia Queries can be made using equatorial coordinates and a search radius. Any object identifier that can be resolved by the Sesame 5 service can also be used. In both cases, the query can be filtered specifying a range of magnitudes (G, G BP or G RP in the case of Gaia, J,H or K S for 2MASS and so on). In the case of Gaia DR2 users can select as well the Q-Filter that follows the equations C.1 and C.2 from Lindegren et al. (2018) . These filters help to work with an astrometrically clean subset (see also Arenou et al. 2018) .
Alternatively, users can upload ASCII files with their own data. This comes very handy for custom datasets or synthetic data. Files must have comma separated values (CSV files) and the fields can be in any order. Mandatory fields and labels are: ID, RAJ2000, DEJ2000, pmRAcosdelta and pmDEC. If information on magnitude (MAG) and proper motion uncertainties (epmRAcosdelta, epmDEC) is available in the input file, it will be possible to use them in the subsequent steps. The magnitude is used only to apply limits to the workplace if desired. Proper motion errors are also only used to apply limits that allow to discard data of bad quality, if present, but do not play any additional role in the definition of the frequency functions themselves. Extra columns present in the input file will be accepted by Clusterix 2.0 but ignored for calculations. By hovering the mouse over the question mark next to this section in the web (Fig. 1) , the user can download some examples of input files that can be used as template. The privacy of user data is guaranteed, since the files uploaded by the users are not kept in the system.
Finally, the main source of data of the previous version, Clusterix 1.0, the WEBDA database 6 , can still be used as a source of information on positions and proper motions.
The result of the query is visualized using Aladin Lite 7 , where the objects obtained from the query are plotted as red diamonds. The user can zoom and pan, as well as select different background images. As the representation of tens of thousand objects is quite demanding from a computational point of view, we limit the individual representation of objects (the red diamonds) to 40 000. If the result of a query exceeds this amount, then just a yellow circle enclosing the search region is drawn.
Then, the result of the query can be sent to the next 5 http://cds.u-strasbg.fr/cgi-bin/Sesame 6 http://webda.physics.muni.cz/ 7 http://aladin.u-strasbg.fr/AladinLite/doc/ step ("Membership from proper motions"), or be downloaded as a CSV file or sent to VO applications using the Simple Application Messaging Protocol (SAMP 8 ) for further analysis.
Selection of the cluster+field and field regions
The second step is to select the cluster+field (c+f) and only field (f) regions mentioned in Sec. 2.1.1. The f and c+f regions may be, in principle, arbitrary in shape. In fact, they do not even need to be connected spaces (each of them may be made up from separate pieces), nor simply connected spaces (they even may have holes). The definition of these areas is one of the most critical decisions to take by the user, and Clusterix 2.0 offers several ways to interactively shape and reshape these areas.
The simplest option relies on mouse clicks to draw circles that define the c+f (inside the blue circle in Fig. 2) and f (inside the green circle in the same figure down to the following circle) regions. The system also includes an easy way to set up a "buffer" void area around the c+f region that will be excluded from both areas (the area marked between the white and the blue circles in the figure). This is to define a clean field area avoiding an intermediate region that could still have a significant number of cluster members, so no stars inside that buffer are taken into account for the frequency functions calculations. See an example of the three areas in Fig. 2 .
Alternatively, the user can specify the circular areas directly writing their parameters (in decimal degrees) in the corresponding boxes (format: "ra,dec,radius;").
These circles do not need to be concentric and other distributions are possible (see i.e. Sect. 4.5). If there is an overlap area of the two circles (f and c+f), that area is assigned only to the c+f and excluded from the f sample. The buffer (void area) is as well excluded from the f sample.
Once the areas are chosen, the star sample can be further filtered in this second step according to the "Membership determination parameters": (i) Proper motion limits. Maximum value of the total proper motion (to reduce the size of the VPD for the working space, discarding since the beginning objects that clearly cannot belong to the expected cluster population) and maximum value of the total proper motion error (to remove data of dubious quality).
(ii) Magnitude range to further limit the selection (with respect the magnitude chosen in Step 1), if desired.
(iii) Smoothing parameter. Clusterix 2.0 proposes a default value for the smoothing parameter h on the basis of Eq. 5 applied to the c+f sample, and this can be modified by the user. The same h value is used to compute both frequency functions. As h represents the radius of the kernel window (i.e., the sigma of the Gaussian kernel K), a large value would blur out the details of the frequency functions, while a small value would yield noisy results, because a very low number of individuals would receive significant weights.
(iv) Fine tuning values. Here we mainly fix the value of γ Step 1 of Clusterix 2.0. for the case of M 67. The catalogue, the radius and the magnitude limit are chosen in the upper panels. Results can be downloaded or sent to Virtual Observatory tools. When the number of stars is bigger than 40 000, only a yellow circle is drawn to enclose the searched region. See text for more details. See Sect. 4.1 for details on the parameters selection for this cluster.
explained in previous section. To avoid meaningless probability values, Clusterix 2.0 restricts the probability calculations to stars with densities γ times above the noise.
All these parameters, shown in Fig. 2 , can be interactively chosen depending on the data used and/or the region studied, until satisfactory results are obtained.
Determination of the empirical frequency functions
The empirical determination of the frequency functions is performed according to the formalism of Sec. 2.1. The assumptions stated in Sec. 2.1.1 are critical for the membership determination. Assumption (i) is usually fulfilled, but may be problematic for very large work spaces. Finding regions that fulfill assumption (iii) may be more difficult because, a priori, there is no information about the true extension of the cluster, and even its location on the sky may be uncertain. It is, thus, important to perform tests with areas of very different sizes searching for a reasonable trade-off between cleanness (absence of a significant amount of cluster members) and signal-to-noise ratio (working area not too small, to avoid small number statistics).
The frequency functions are empirically determined as tables that contain cells defined in the VPD. To facilitate the first, tentative tests, Clusterix 2.0 works with two different matrix sizes to discretize the VPD: 100 × 100 ("Normal") or 300 × 300 cells ("High precision"). The first size is useful for fast queries, while the second one allows a more precise data representation and results. See Figs. 2 and 3 for the example in High precision. Step 2 where all the fine tuning parameters of the Clusterix procedure are set for M 67. In this step c+f (blue), f (green), void (white), and total (yellow) areas are defined and parameters are chosen interactively. Tests can be done in normal precision while high precision is used here for final results. See text for more details.
One of the interesting capabilities of Clusterix 2.0 is that, after selecting the c+f and f regions, the tool provides a visualization of the resulting empirical, raw frequency functions ψ c+f and ψ f . This allows the user to evaluate the suitability of the selected regions. Usually, if a cluster is present, ψ f should display a broad shape with only one maximum, and ψ c+f would include that same profile with an additional, normally sharper, peak due to the cluster (Fig. 3, top panel) . Figures can be interactively rotated and zoomed in and out. Also, by placing the cursor on any point of the graphics, its coordinates (pmRA, pmDEC, frequency value) are displayed.
There is another parameter that can be fixed for the case of big sample size: "Field sample size". Frequency function calculations can be optimized by reducing the number of stars used. Statistically we only need a subset of stars to obtain the relevant information that is needed for determin-ing the functions. Lower values of this parameter can also be used for quick testing. The suggested upper limit at 50 000 stars is set as no significant differences are obtained with greater numbers and the calculations can then take too long to complete. See example in Sect. 4.2.
Visualizing the results
After each redefinition of the c+f and f regions, the system recomputes and displays the empirical frequency functions and, also, calculates and shows the scaled cluster frequency function Ψ c (Eq. 7) and probability distribution P (Eq. 13). In these two graphs, high signal to noise ratio areas are marked in red (see Fig. 3, bottom panel) . According to what was stated in Sec. 2.1.4, P is null for those cells of the VPD with Ψ c < γσ − , where the γ factor is set by the user.
Once the configuration of c+f and f regions and the other parameters are considered satisfactory enough, the user executes the command "Go to step 3" to trigger the computation of the results for the whole work space and the catalogue is created. The results are displayed in a new page and they can be downloaded as a CSV file, or sent to any VO tool (e.g. Topcat) using the SAMP protocol. A summary of the results is shown directly on the browser along with the parameters used for the calculations, so the experiment can be replicated again in the future if needed (see Fig. 4 ).
An estimation of the number of cluster members is provided, based on the expected overpopulation of the cluster region provided in step 2, but this number may not be exact due to a inexact region determination or a non homogeneous field distribution. This expected number of members is given as a result N c and it would correspond to the first N c stars with higher probability of being members. But the full sample is included in the given file with their individual probabilities, allowing the users to apply their own decision using further criteria.
For those N c stars with higher probability of being cluster members, it is possible to gather additional photometric data using the VOSA 9 service. The user can download this photometry, make their own selection, and upload it again to work with VOSA. Clusterix 2.0 implements a simple login system in order to access to past VOSA queries. Also, as they can take a long time, the system periodically checks if a photometry query is finished and sends an email to the user. This user authentication system is not needed for other Clusterix 2.0 functionality. See Fig. 5 .
THE SCIENCE CASES
The tool discussed in the previous sections is applied to a few specific cases using Gaia DR2 to demonstrate its performance in easy and complex scenarios. We have chosen five areas of clusters of different sizes, ages and distances, as well as areas where more than one cluster is present: from known overlapping clusters to unexpected new ones.
We follow the recommendations by Arenou et al. (2018) and Lindegren et al. (2018) , Eqs. C.1 and C.2, for an astrometrically clean subset. Although the Gaia limiting magnitude is G = 21.0, the median uncertainty for the bright Depending on the cases, we only consider sources brighter than G = 18 or 19. Fainter objects have larger uncertainties that can blur the separation between cluster and field in the proper motion parameter space. Also, this cut in magnitude significantly reduces the amount of sources to be managed as 80% of the Gaia DR2 sources are fainter than G ∼18.
The positions and main parameters of the stars in the areas of the clusters discussed in this section are given in Table 6 in electronic format only.
NGC 2682 (M 67)
M 67 is an old cluster (∼3.6 Gyr Bossini et al. 2019 ) at about 900 pc with a near solar metallicity and low reddening. M 67 is one of the best studied open clusters, considered a cornerstone of stellar astrophysics and used as a calibrator in many surveys. However there was no study covering a large area in spite of some studies on its corona showing that it is an extended cluster. Gaia Collaboration et al. (2018b) studied an area of 1 degree with G <20 and found 1 520 members.
We study the data from Gaia DR2 in a radius of 5 degrees from the cluster centre and magnitude limit (G <19) (178 748 stars). The extended halo of this cluster has been studied by Carrera et al. (2019b) , based on the data explained here. In the search for the farthest objects, their study extended up to 10 degrees (but G < 18) and shows that the cluster radial distribution r 85% = 38 , well under our chosen 5 degrees. The bigger the field, the worse representation of the field (see Appendix A on their paper) and the noisier the solution. See the area covered in this study in Fig. 6 .
In step 2 of Clusterix, we apply a constraint in proper motions (µ ≤ 15 mas yr −1 ) and in proper motions errors (below 10 mas yr −1 ) to avoid outliers and limit the computation time (see Fig. 2 ).
Clusterix 2.0. gives us an estimated number of members of 1 687, what corresponds to a probability cut at 0.79479. With this probability cut, we get 1 699 candidate members using only proper motions. If we apply a 1 σ cut in parallax to that selection we obtain a final list of 1 440 member stars (see Fig. 7 ). From this sample we check those with radial velocities from Gaia DR2 (88 stars) and use it only to calculate a median radial velocity with a sigma clipping, resulting in v rad = 34.5 ± 2.0 km s −1 from 84 stars. Soubiran et al. (2018) find a v rad = 33.80±1.06 km s −1 from 64 member stars.
The average proper motion and parallax of the cluster are: µ α * = −10.99 ± 0.28 mas yr −1 ; µ δ = −2.94 ± 0.26 mas yr −1 ; = 1.13±0.11 mas from 1 440 member stars. The average parallax from the 84 radial velocity members is = 1.16±0.06 mas.
All the errors are the standard deviation of the distribution. Comparing this result with the 691 member stars found in the study on the 30 central area with a magnitude limit of G = 18 from Cantat-Gaudin et al. (2018b), we find 677 members in common (98% agreement). From the 1 251 members by Gaia Collaboration et al. (2018b) with G <19, we have 1 116 members in common (89% agreement). The comparison of the final values are in Table 1 .
NGC 2516
NGC 2516 is a young cluster (∼ 150 Myr), at a distance of about 400 pc and a E(B − V) ∼0.12 mag. It has a known We have studied an area of 4 deg radius around the centre and magnitude limit (G <19) (552 583 stars). It is a very populated area and we tested different areas to maximize the contrast between the field and the cluster. The final result (see Appendix for more information on the areas and fine tuning parameters chosen) gives a number of expected members of 2 537. However, in this case, being a very close cluster, the parallax is a greatly discriminant parameter. So we accept all stars with probability greater than 0 (that means Prob > 0.6) and apply a cut in the clear overdensity parallax as it is quite straightforward (2< <3 mas), resulting in 1 819 member stars. The resulting CM diagram shows the clean selection (see Fig. 9 ). From the 175 stars with compatible Gaia radial velocities, the average radial velocity of the cluster v rad = 24.4 ± 2.6 km s −1 .
The proper motion and parallax of the cluster are: µ α * = −4.63±0.43 mas yr −1 ; µ δ = 11.14±0.35 mas yr −1 ; = 2.4±0.1 mas for the 1 819 member stars. The average parallax from the 175 radial velocity members is = 2.42±0.08 mas.
The member stars are distributed as seen in Fig. 8 . The elongated distribution is clear even among the 175 radial velocity members.
Comparing this result with the 798 member stars found in the study on the 1 deg central area with a magnitude limit Table 2 . Comparing our membership with the radial velocity study by Bailey et al. (2018) , from high resolution spectroscopy of 126 Main Sequence stars in the core 30 of NGC 2516, we have 43 stars in common and a 93% agreement in membership classification. They give a v rad = 24.50 ± 0.12 km s −1 from 81 member stars.
NGC 1817 and Juchert 23
In spite of the work by Balaguer-Núñez et al. (2004a,b) about the open cluster region NGC 1817 where only one very extended cluster was found and the asterism NGC 1807 was confirmed as a non physical cluster, subsequent general catalogues have included NGC 1807 (Kharchenko et al. 2016; Krone-Martins et al. 2010) , and even giving physical parameters (age, extinction...). The precision and completeness of the Gaia data drives us to study again this area.
We have studied an area of 2 deg radius around NGC 1817 with G <18 (102 313 stars) to check if any sign of NGC 1807 is present. This cluster is far, located at around 1700 pc, and because of its small proper motion it is more difficult to disentangle from the field than the previous examples of NGC 2682 and NGC 2516. Clusterix finds 2 898 members in the area. For a cleaner list of members, we cut around the overdensity in parallax (0.4< <0.7 mas) what makes the cluster very conspicuous in the Colour Magnitude diagram. From the 1000 members in that selection (see Fig. 10 ), there are 43 stars with coherent Gaia radial velocities, giving an average of v rad = 66.3±1.9 km s −1 .
The proper motion and parallax of the cluster are: Table 3 .
After many tests in the area of NGC 1817, we were not able to find any hint for NGC 1807 asterism. However, we can confirm Juchert 23 (DSH J0507.6+1734), a very small, little known cluster (see full area in Fig. 11 and the VPD of both in Fig. 12 . It is not in the lists of Dias et al. (2002) , Kharchenko et al. (2016) or Cantat-Gaudin et al. (2018b) and appears only in the list of suspected open cluster candidates from 2MASS and DSS in an additional Table 2e only in electronic form from Kronberger et al. (2006) . They only give coordinates and a visual diameter of 7 . We study an area of one degree radius around its centre with G <18 (15 145 stars). Clusterix 2.0. gives us an estimated number of members of 115. With 105 members after a sigma cut in parallax, we get a clean Colour Magnitude diagram (Fig. 13) .
The proper motion and parallax of the cluster are: µ α * = 0.34±0.09 mas yr −1 ; µ δ = −2.56±0.09 mas yr −1 ; = 0.35±0.09 mas for 105 member stars. There are six stars with coherent Gaia radial velocity (v rad = 0.5±2.1 km s −1 ) that produce an average parallax of = 0.34±0.04 mas. (Straižys et al. 2003; Galadi-Enriquez et al. 1998c,b; Galadí-Enríquez et al. 1998a; Tian et al. 1998 Figure 14 . The two known overlapping clusters: NGC 1750 in blue with 504 member stars, and NGC 1758 in light blue with 363 member stars. In grey dots all stars in a 2 degree radius around the centre.
with G <19, see Fig.14) Clusterix finds two clusters with 2 989 expected members in total. With these results we plot the proper motion diagram and we can clearly separate the two populations: NGC 1750 with 1 827 candidate members and NGC 1758 with 1 162 (see Fig. 15 ). By simply introducing a further cut in parallaxes, one can easily clean the colour-magnitude diagrams (see Figs. 16 and 17) . The average proper motion of the clusters is: µ α * = −0.97 ± 0.23 mas yr −1 ; µ δ = −2.40 ± 0.21 mas yr −1 ; = 1.34 ± 0.16 mas for 504 member stars in NGC 1750. There is only 4 stars with Gaia coherent radial velocities (v rad = −11.5 ± 0.7 km s −1 ). Regarding NGC 1758 we obtain µ α * = 3.13±0.23 mas yr −1 ; µ δ = −3.45 ± 0.20 mas yr −1 ; = 1.08 ± 0.15 mas for 363 member stars. There is only 3 stars with coherent Gaia radial velocities (v rad = 7.2 ± 3.4 km s −1 ).
Comparing this result with the member stars found in the study on the 1.5 deg area with a magnitude limit of G = 18 from Cantat-Gaudin et al. (2018b) , we find 378 member stars in common for NGC 1750 (86% agreement) and 146 member stars in common for NGC 1758 (99% agreement). The comparison of the final values are in Table 4 .
Ruprecht 26 and Clusterix 1
In order to check areas with multiple clusters we have as well evaluated an area of one degree around Ruprecht 26, where many other known clusters exist (NGC 2428 , NGC 2425 , NGC 2414 , Ruprecht 151 and Alessi 17). In the central area of Ruprecht 26 we have found two kinematically distinct populations, besides the field one, as can be seen in Fig. 18 and Fig. 19 . One of these populations corresponds to Ruprecht 26, and the other does not correspond to any of the previously mentioned known clusters.
In cases like this, where the field is full with other clusters, it is difficult to find a patch of sky mostly free of clusters. Nevertheless, after different trials we have managed to find a reasonable trade off. You can see the parameters used in the Appendix. In this case, due to the low constrast of the populations in the spatial plane, the expected number of cluster members is not reliable and we need to apply other criteria (photometry, parallax, spatial distribution, etc...) to clean the membership from proper motions. We accept as tentative members for both clusters all stars with membership probabilities higher than 0.5 (1 569 candidate stars).
The two populations found are superposed in the space; while one population with 1238 stars (see Fig. 20 ) is very well concentrated, the other with 331 stars (Ruprecht 26) is more disperse and poorer. The differentiated population (that we called Clusterix 1 from now on) has only been discovered thanks to the exquisite quality of the Gaia DR2 proper motions. To confirm their separate existence we study their Colour Magnitude diagrams and parallax distribution. Figure 19 . Vector point diagram of Ruprecht 26 (in light blue) and Clusterix 1 (in blue). In black all stars with probability greater than 0.5. In gray all stars in a 1 degree radius around the centre.
Ruprecht 26 candidate members show a distinct parallax so, applying a cut selection (0.8< <1.1 mas) we can see a clear main sequence (see Fig. 21 ). From this final selection of 109 members we find an average proper motion of µ α * = −3.20 ± 0.12 mas yr −1 ; µ δ = 0.11 ± 0.10 mas yr −1 and = 0.92 ± 0.06 mas. There is only four stars with coherent Gaia radial velocities v rad = 44.8 ± 4.8 km s −1 .
In the case of Clusterix 1, its parallax is small and it is difficult to separate from the field, so we do not use parallaxes and just select a core area (r < 0.2 deg) to see a cleaner distribution in the Colour Magnitude diagram (see Fig.22 ). With that selection we found an average proper motion of µ α * = −1.20 ± 0.16 mas yr −1 ; µ δ = 2.80±0.13 mas yr −1 from 157 members and a parallax of 0.41 ± 0.15 mas. With these parameters, we find 6 stars with coherent Gaia radial velocities in the whole area, giving a v rad = 37.3±5.2 km s −1 ). (three of them inside the core area).
Comparing Ruprecht 26 result with the member stars found in the study on the 1 deg area with a magnitude limit of G = 18 by Cantat-Gaudin et al. (2018b), we find 69 member stars in common (85% agreement). The comparison of the final values are in Table 5 .
CONCLUSIONS
Many automatic tools have been developed in recent years to separate cluster members from the field. We present here an open access web tool, VO compliant, to facilitate membership studies from proper motions data to any user that requires a tailor-made study on any specific data set. Different tools are able to apply to different cases and all of them have been able to discover new clusters. The census of Open Cluster seems far from complete. We present the first results of Clusterix 2.0 for different cases to show the capabilities of the tool, its flexibility and adaptability to different environments: an area of five degrees around NGC 2682 (M 67), an old, well known cluster; a young close-by cluster NGC 2516 with a striking elongate structure extended up to four degrees that deserve further studies; NGC 1750 & NGC 1758, a pair of partly overlapping clusters found without applying any a priori knowledge; in the area of NGC 1817 we confirm the non existence of NGC 1807 and the existence of a little known cluster, Juchert 23; and in an area with many neighbouring clusters we are able to disentangle the existence of two clusters where only one was previously known: Ruprecht 26 and the new, Clusterix 1. Step 3 of the Clusterix procedure for NGC 2516. In the file we can see the value of expected members is 2522, based on that value we look for the probability value corresponding to the 2522nd star and we found a value of 0.76047766, so we accept as candidate members all the stars with equal or greater probability, what gives us a value of 2537 candidate members. Figure A5. Step 1 of the Clusterix procedure for NGC 1817. For Ruprect 26 and Clusterix 1 see Figs. A17, A18, A19, A20.
This paper has been typeset from a T E X/L A T E X file prepared by the author. Figure A8. Step 3 of the Clusterix procedure for NGC 1817. Figure A9. Step 1 of the Clusterix procedure for Juchert 23. We chose the database, the radius, the magnitude limit and can download the results of this search. Figure A10. Step 2 where all the fine tuning parameters of the Clusterix procedure are set for Juchert 23. 
